Abstract: A skeletal mechanism with 54 species and 269 reactions was developed to predict 16 pyrolysis and oxidation of n-dodecane as a diesel fuel surrogate involving both high-temperature 17 (high-T) and low-temperature (low-T) conditions. The skeletal mechanism was developed from a 18 semi-detailed mechanism developed at the University of Southern California (USC). Species and 19 reactions for high-T pyrolysis and oxidation of C5-C12 were reduced by using reaction flow analysis, 20 isomer lumping, and then merged into a skeletal C0-C4 core to form a high-T sub-mechanism. 21
Introduction

7
Accurate prediction of diesel engine combustion requires realistic chemical kinetics. However, diesel 8 fuels consist of a large number of components and involve an even larger number of intermediate species 9 and reactions during the combustion process, and thus it is difficult to employ fully detailed mechanisms 10 in practical engine simulations as the computational cost would be intractable. As a simplification, surrogate 11 mixtures with one or a few components have been developed to mimic the physicochemical behaviors of 12 the real diesel fuels [1] . For instance, n-dodecane features a molecular size close to that of average diesel 13 components, and has been employed recently as a surrogate fuel to model diesel fuel combustion [2-12].
14 Detailed mechanisms for large hydrocarbons, e.g. n-dodecane, can consist of thousands of species and 15 reactions when low temperature (low-T) chemistry is involved [13] [14] [15] [16] [17] . For instance, the detailed 16 mechanism developed by Westbrook et al. [14] for n-alkanes from n-octane to n-hexadecane consists of 17 2775 species and 11,173 reactions. Such large mechanisms need to be reduced for computationally tractable 18 three-dimensional (3-D) simulations. 19 Mechanism reduction has been extensively studied in the last few decades and a number of reduction 20 methodologies have been brought up [18] . Reduced mechanisms can be obtained by removing unimportant 21 species and reactions from the detailed mechanisms and lumping of similar species and reactions, using 22 such methods as reaction flow analysis (RFA) [19] , sensitivity analysis [20] [21] [22] [39] developed a reduced mechanism of n-dodecane using a reduction algorithm 9 combining sensitivity and flux analysis starting from a much smaller detailed mechanism that consists of 10 435 species and 13,532 reactions. This mechanism was also used to simulate the Spray A flames for 11 validation under engine-relevant conditions. These mechanisms are still relatively large and can be 12 expensive for engine simulations, especially when the mechanisms are coupled to advanced combustion 13 models [5, 7, 9,10], or high-fidelity LES studies [11] . More importantly, all of these reduced mechanisms 14 show increased errors in low ambient temperature conditions for Spray A flames, and thus a compact and 15 more accurate mechanism is needed for engine simulations. 16 In the present work, multiple reduction methods, including RFA and isomer-lumping, will be employed 17 to obtain a skeletal mechanism for n-dodecane based on a semi-detailed mechanism developed by You et 
Skeletal mechanism development
2 For a range of conditions in ignition and combustion, the kinetics of fuel decomposition to smaller 3 fragments, which is described by C5-C12 sub-mechanism, is always fast and can be decoupled from the 4 oxidation kinetics of the H2 and C1-C4 fragments [40] . In the development of the skeletal mechanism, the 5 C5-C12 sub-mechanism from a detailed mechanism is firstly simplified by eliminating unimportant species 6 and reactions, and isomer lumping is also employed. The simplified C5-C12 sub-mechanism is then merged 7 into the simplified H2/CO/C1-C4 base mechanism. Lumped low-T reactions are then added and tuned, 8 resulting in an optimized skeletal mechanism with 54 species and 269 reactions. The reduction and tuning 9 procedure is further discussed in the following. 10 The detailed C5-C12 mechanism developed by You et al. [40] consists of 60 species and 522 reactions.
11
In the present study, reduction is based on data sampled from homogeneous, adiabatic, isobaric reactors.
12
The parameter range covers pressure of 1-80 bar, equivalence ratio of 0.5-2.0, and initial temperature of In order to obtain a compact C0-C4 sub-mechanism, the C0-C4 core in a reduced high-T mechanism for In the end, a semi-global scheme involving 4 species and 18 reactions for low-T chemistry of n-decane 7 developed by Bikas and Peters [43] is modified to be suitable for n-dodecane and appended to the skeletal 8 mechanism to capture the NTC behavior. Transition between low and high temperatures showing the 9 negative temperature dependence can be well reproduced by applying the Low-T sub-mechanism with 10 lumped reaction steps, which is rather efficient for practical engine simulations [43] and has been fully 11 investigated for n-heptane in [44, 45] . A 54-species skeletal mechanism (SK54a) is thereby obtained, which 12 can be found in the supplementary material. Table 1 . The simulation setup has been 21 reported in our previous studies [9, 48] and will be briefly described here. The Reynolds-averaged Navier- CH2CHO formation which leads to small species through one step reaction (OC12H23OOH → 17 CH2O+3C2H4+C2H5+C2H3CHO+OH). As the products of R9 are appointed arbitrarily with reference to 18 Bikas and Peters [43] , the OC12H23OOH decomposition reaction is changed to the following formation: cases (e.g., φ = 2.0) at 800 K is further tuned down by ~25% using another round of reaction tuning based 5 on sensitivity analysis, resulting in a final mechanism (SK54).
6
The second round of sensitivity analysis is performed using SK54b to identify important low-T 7 reactions that are sensitive to ignition delay times at p = 20 bar, φ = 0.5, 1.0, 2.0 and T0 = 800 K, 900 K. 
Validation for elementary reactors and flames
19
The mechanism is first validated for shock tube ignition delay data [46, 61] at various pressures and 20 equivalence ratios. Fig. 7 shows comparison between experimental data and predicted ignition delay for 21 pressure of 20 bar and 50 bar, and various equivalence ratios. It is seen that the present mechanism agrees 22 well with the experimental data, and the overall discrepancy is smaller than that using the detailed LLNL 23 mechanism due to the tuning of low-T chemistry. It is therefore expected that the auto-ignition delay of 15. Again, the ignition delay is under-predicted with larger discrepancies at lower ambient densities.
21
Overall, the ignition delay and LOL at these ambient densities are reasonably reproduced by the skeletal 22 kinetic mechanism. 
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